those from alternative nitrogenases. However, the quartet puzzling support and bootstrap values are not high enough to rule out alternative topologies. The maximum-likelihood branch lengths in Fig. 3 suggest that FS406-22 NifI 1 and NifI 2 are the shortest distance to the internal node that represents the ancestral P II protein. A recent reconstruction of the tree of life with 31 universal gene families supports the hypothesis that the last universal common ancestor lived at high temperatures (29). We propose that among diazotrophic archaea, the nitrogenase from FS406-22 might have retained the most ancient characteristics, possibly derived from a nitrogenase present in the last common ancestor of modern life. Considerable evidence indicates that a stimulus that is subthreshold, and thus consciously invisible, influences brain activity and behavioral performance. However, it is not clear how subthreshold stimuli are processed in the brain. We found that a task-irrelevant subthreshold coherent motion led to a stronger disturbance in task performance than did suprathreshold motion. With the subthreshold motion, activity in the visual cortex measured by functional magnetic resonance imaging was higher, but activity in the lateral prefrontal cortex was lower, than with suprathreshold motion. These results suggest that subthreshold irrelevant signals are not subject to effective inhibitory control.
Considerable evidence indicates that a stimulus that is subthreshold, and thus consciously invisible, influences brain activity and behavioral performance. However, it is not clear how subthreshold stimuli are processed in the brain. We found that a task-irrelevant subthreshold coherent motion led to a stronger disturbance in task performance than did suprathreshold motion. With the subthreshold motion, activity in the visual cortex measured by functional magnetic resonance imaging was higher, but activity in the lateral prefrontal cortex was lower, than with suprathreshold motion. These results suggest that subthreshold irrelevant signals are not subject to effective inhibitory control.
W e experience an overwhelming amount of visual stimuli. However, a great number of the stimuli are not consciously perceived (are invisible) for a number of reasons, including weakness of the stimuli (1, 2), task irrelevance (3, 4) , interference by other stimuli (1, (5) (6) (7) (8) (9) (10) , and combinations of these factors. Nevertheless, an invisible stimulus can influence brain activity and task performance (1, 2, (10) (11) (12) . One would naturally assume that the degree of an invisible stimulus's influence is generally weaker than that of a visible stimulus.
We conducted a series of psychophysical and functional magnetic resonance imaging (fMRI) experiments. During each trial of experiment 1, 15 participants were presented with a sequence of eight items (two digits and six alphabetic letters) at the center of a computer screen. In the background, a dynamic random-dot (DRD) display with coherently moving dots (signal) and randomly moving dots (noise) (2, 13-15) was presented ( Fig. 1) . The participants were instructed to focus on and report the two digits. This task is known as the rapid serial visual presentation (RSVP) task. The background DRD display was thus task-irrelevant (16) . The ratio of signal dots to the total number of dots (coherence ratio) was varied from trial to trial. A higher motion coherence task-relevant condition strongly activates monkey middle temporal (MT) (17) and human MT+ (18) , which are the visual areas that are largely specialized for motion processing. These findings would naturally lead to the prediction that a higher task-irrelevant motion coherence stimulus would also produce stronger internal signals within the visual system, which either would result in greater disturbance in task performance (2, 19, 20) or would not influence task performance because of attentional filtering or the suppression of, if weak, irrelevant signals (21) .
Performance with coherent motion ≥20% did not significantly differ from performance with 0% coherent motion ( Fig. 2A) . This is consistent with the attention-filtering hypothesis (21) in that taskirrelevant motion coherence signals (at least ≥20%) did not influence task performance. However, at 5% coherence ratio, performance was significantly lower than at 0 and 20% coherence ratios. Immediately after the main condition, we conducted a test to measure motion coherence ratio threshold (16) . The participants were instructed to indicate one of the four coherent motion directions used in the main condition in a Fig. 1 . Stimulus. A sequence of letters and digits was presented in the center while dots moved in the background. The ratio of the number of coherently moving dots to the total number of randomly moving plus coherently moving dots was varied from trial to trial. Arrows represent motion vectors.
DRD display whose coherent motion ratio was varied in seven steps from trial to trial. The result showed that the 5% coherence ratio produced chance-level performance and therefore can be considered to be a subthreshold motion ratio condition (2) . Thus, although suprathreshold task-irrelevant signals (e.g., 20%) were successfully filtered out (21), those below but near the chance-level threshold led to disturbance of task performance.
In experiment 2, to examine whether the performance dip and motion coherence threshold are correlated, we lowered the luminance contrast of the moving dots (from 65.9 to 2.2 candela/m 2 ) so that the coherence threshold would considerably increase, while maintaining the same methods used in the previous experiment (n = 10 participants). Both the threshold of coherent motion and the performance dip shifted toward a higher coherence ratio (Fig. 2B) .
There is the possibility that task-irrelevant, translating coherent motion may induce eye movements, which could be related to the performance dip. In experiment 3 (n = 6), using the same method as in experiment 1 except that eye movements were monitored, the same pattern of performance was obtained. No systematic difference was observed in eye-movement patterns between coherence ratios (16) . We also conducted experiment 4 (n = 15) in which signal dots contracted rather than translated, because contracting motion does not elicit major eye movements. Nevertheless, basically the same pattern of results was obtained, including the performance dip at the 5% coherence ratio (16) . Thus, it does not seem that eye movements are a major factor in the performance-dip effect.
In experiment 5, to investigate the underlying neural mechanism that causes such a paradoxical effect, we measured f MRI activity in six partic- (18) , was highest for 5% coherence (Fig. 3A, red) , at which level the performance dip occurred (Fig. 3A, black) . Weak coherent motion that is around the chance-level threshold thus strongly activates MT+ and also impairs task performance. In contrast, the results of the control condition in which motion was taskrelevant (16) show that the MT+ activity (Fig. 3A , green) and performance increased with increasing coherence ratio, which is in accord with previous findings (17, 18) . Thus, the performance dip and highest MT+ activity are related to the fact that motion was task-irrelevant.
In the lateral prefrontal cortex (LPFC), which plays an important role in inhibitory control of inappropriate behavior or irrelevant signals (22) (23) (24) (25) (26) , the amount of activity at the 5% coherence ratio showed no significant difference from that at 0% coherence but was significantly lower than at the 10 and 20% coherence levels (Fig.  3B, red) (27) . Mean RSVP task performance (d') as a function of the coherence ratio of background DRD displays is shown. d' at 5% coherence ratio was significantly lower than at 0% coherence ratio (P < 0.001, t test with Bonferroni correction) and 20% coherence (P < 0.001), indicating a performance dip at 5% coherence ratio. Vertical error bars, ±1 SEM. A vertical pink bar represents the mean chance-level threshold with a horizontal pink bar, ±1 SEM, indicating that 5% coherent motion is under the chance-level threshold. (B) Results of experiment 2 in which the dot luminance contrast was lower than in experiment 1. Mean RSVP performance (d') at 30% coherence ratio was significantly lower than at 20% coherence ratio (P < 0.01) and 40% coherence ratio (P < 0.01). The dip performance (d') as well as the chance-level threshold were shifted. The scales of the y axes in (A) and (B) are not identical. Fig. 3 . Results of experiment 5. (A) Averaged BOLD signals for area MT+ in the conditions in which coherent motion was task-relevant (green line) and taskirrelevant (red line) and mean RSVP performance (d') in the task-irrelevant condition (black line) are shown. In the task-relevant condition, BOLD signals at 0% coherence ratio were significantly lower than at 5% (P < 0.05), 10% (P < 0.05), and 20% (P < 0.05) coherence ratios. BOLD signals in the task-irrelevant condition and RSVP performance show clear symmetric patterns, as indicated by an arrow. Vertical error bars, ±1 SEM for each condition. (B) Averaged BOLD signals for area LPFC in the condition in which coherent motion was task-relevant (green line) and -irrelevant (red line). In the task-irrelevant condition, BOLD signals at the 5% coherence ratio were significantly lower than those at the 10 and 20% ratios (P < 0.05 for both) but showed no significant difference from those at 0% coherence ratio. Vertical error bars, ±1 SEM for each condition. 
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How is the LPFC activity related to the activity in MT+ in the task-irrelevant condition? The correlation coefficient between the task-irrelevance-related activity (28) in MT+ and the LPFC was -0.90. This is in accord with the view that when the LPFC is activated, it provides direct or indirect inhibitory control on the activity of MT+.
One might think that the low performance at the 5% coherence ratio was obtained because, despite the instructions to focus on RSVP task performance, the participants may have tried to find a coherent motion direction or to detect whether coherent motion was presented. If these motion tasks are difficult, they may leave fewer resources available for the RSVP task. However, this is not likely. If the participants engaged in the search for motion direction, this task should be hardest at 0% coherence and therefore, the lowest RSVP performance should have occurred at 0% and not at 5% coherence. Second, if the participants engaged in motion detection, this task should be hardest at 5% coherence because indecision may be greatest near the coherent motion threshold, and thus in accordance with the observed RSVP performance result. However, the lowest blood oxygen level-dependent (BOLD) activity was observed at 5% coherence ratio in the LPFC and cannot be directly explained by this possibility.
The results of the present study demonstrate two important points. First, a weak taskirrelevant stimulus feature that is below but near the perceptual threshold more strongly activates the visual area (MT+) that is highly related to the stimulus feature and more greatly disrupts task performance. There was a tendency for activity in the posterior occipitotemporal sulcus (pOTS) (29, 30) and the left angular gyrus (31) , which are sensitive to letters and words and may be related to the RSVP task, to be lower at the 5% coherence than at the other coherent motion ratios. This contradicts the general view that irrelevant signals that are stronger in stimulus properties have a greater influence on the brain and performance and that the influence of a subthreshold stimulus is smaller than that of a suprathreshold stimulus.
Second, the results may reveal important bidirectional interactions between a cognitive controlling system and the visual system. The LPFC, which has been suggested to provide inhibitory control on task-irrelevant signals (22) (23) (24) (25) (26) , may have a higher detection threshold for incoming signals than the visual cortex. Task-irrelevant signals around the threshold level may be sufficiently strong to be processed in the visual system but not strong enough for the LPFC to notice and, therefore, to provide effective inhibitory control on the signals (Fig. 4A) . In this case, such signals may remain uninhibited, take more resources for a taskirrelevant distractor, leave fewer resources for a given task (32, 33) , and disrupt task performance more than suprathreshold signals. On the other hand, suprathreshold coherent motion may be noticed, may be given successful inhibitory control by the LPFC, and may leave more resources for a task (Fig. 4B) (22) (23) (24) (25) (26) . This mechanism may underlie the present paradoxical finding that subthreshold task-irrelevant stimuli activate the visual area strongly and disrupt task performance more than some suprathreshold stimuli. It could also be one of the reasons why subthreshold stimuli often lead to relatively robust effects (2, 11, 14) .
